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The Thailalld AEalaria Operational Research Unit, Bangkok, Thailand, the llfalaria Program, 
Center for Disease Control, Health Services Qild .Mental Healtlt Administration, 
U.S. Department oj Health, E,cz,ucatiolt, and lVe/jare, Atlanta, Georgia 30333, 

the U. S. Army ,Medical Component, SEATO, APO San Francisco 96346, 
and Trad Provincial Hospital, Thailand 

Abstract. The efficacies of combinations of sulfalene.trimethoprim (SF-T) and sulphor­
methoxine-pyrimethamine (S-P) against falciparum malaria in Thailand were assessed. 
ThirtY'one patients were given a single dose of SF-T (1 g SF and 0.5 g T) and 34 patients 
were given Sop (1 g Sand 0.05 g P). Radical cures were observed in 84% of the patients 
given SF-T and in 91 % of those given S-P Clearances of fever and asexual parasitemias 
were similar. Factors of previous malaria infections as indicated by both the patients' medical 
history and by the presence of malaria fluore3cent antibodies and prior antimalarial ihtake 
showed no apparent influence on treatment outcome. No significant toxic side reactions were 
observed in subjects administered either one of the combination treatments. A plan for the 
field use of the long-acting sulfonamide combinations is proposed. 

Chloroquine-resistant falciparum malaria was 
ii:::,t reported from Thailand in 1962.' Since that 
time. investigations performed in Thailand by 
D:--. Tranakchit Harinasuta,2 SEATO 1vledical Re­
sea:ch LaboratorylS and Thailand Malaria Opera­
tionai Research Unit" have shown rates ranging 
iron 50% to 100%. 

Because of this problem of chloroquine resis~ 
(znce and in view of the fact that administration 
01 quinine to large numbers of patients in the 
field is operationally impractical, the need in 
TnaiIand for a simple and effective regimen 
against falcipal.:"um malaria is most urgent. Pres­
ently, two sulfonamide combinations have the 
potentlal for meeting this need. These are: 1) 
sulfalene-trimethoprim (SF-T), and 2) sulphor. 
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methoxine (Fanasil,1il Roche)-pyrimethamine 
(S·P). 

The purpose of this study ''las to assess these 
two combinations agains t falciparum malaria in 
adult Thai males, with respect to rapidity of 
action, cure rate, the effect of pree."'{isting malaria 
antibodies on cure rate, and possible side effects, 
especially side effects in individuals whose eryth­
rOlytes are deficient in glucose-6-ph05phate dehy· 
drogenase (G-6-PD) activity. 

MATERIALS ANn :urETHODS 

The site selected for study was Trad Province, 
located in Southeast Thailand approximately 400 
km from Bangkok (see Fig. 1). Previous inves­
tigations have shown that the majority of Plas­
modimn jalciparum, strains from this area are 
chloroquine resistant In 1968, investigations of 
the chloroquine sensitivity of P jaidparum were 
conducted in an area 50 km north of Trad 
Hospital.' Treatment failures following admin­
istration of chloroquine were obsen'cd in 8 (80%) 
of 10 subjects who receIved a total dosage of 
25 mg (base)/kg and in 19 (100%) of 19 addi­
tional subjects who received a single. dose at 10 
mg (base)/kg. Just prior to the present study, 
Colwell and co-workers reported, from the same 
hospital, a chloroquine-resistance rate of 93% in 
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41 infections examined by an in-vitro method,6 
and a treatment failure rate of 58% in 36 subjects 
administered a combination consistinz of chloro­
quine 1.5 g (base) plus quinine 540 mg 3 times 
daily for 3 days.' 

Subjects for this evaluation were chosen from 
ill individuals seeking treatment at the Trad 
Provincial Hospital. Selected were adult males, 
15 years of age or older, with a positive blood 
smear for falciparum malaria who, by history 
and physical examination, were found to be free 
of obvious evidence of renal, cerebral, or hepatic 
complications. 

Initial laboratory determinations consisted of 
bematocrit and leukocyte count. A venous blood 
specimen was obtained for the as~essment of 
possible erytbrocytic G·6-PD deficiency by the 
Hy!m:d G-6-PD fluorescent spot test and for 
assay of malaria antibody by the indirect fluores­
cen~ antibody (IF A) metbod. Subjects were then 
alternately assigned to one of the following two 
orally administered treatment regimens: 

SF-T: Sulfatene 1 g and trimetboprim 0.5 g. 
S-P: Sulpbormethoxine 1 g and pyrimethamine 

0.050 g. 

Following treatment in the outpatient clinic, 
.subjects were admitted. to the medical ward, 
where mer -.vere observed initially for vomiting 
and: ...-hen required1 given supportive care. Pa­
tients 'W~e discharged after at least 3 consecutive 
days of :::.egative blood smear examinations. Fol­
lowing discharge, there were no significant differ­
ences between these treatment groups which 
might lead to differences in ree ..... posure to malaria 
infections. 

Hematocrits, leukocyte counts, and thick-thin 
blood smears were taken at least daily during tbe 
patients' hospitalization and weekly thereafter on 
days 7, 14, 21 and 28 following commencement 
of therapy. (The day of treatment was designated 
day 0.) The smears were stained "ith Giemsa. 
Parasites per mm3 were calculated by multiplying 
the number of parasites per 100 leukocytes by 
the factor obtained from each patient's leukocyte 
COUnt taken on the same day. (Factor = leuko­
cytes/mm" of blood -T 100.) If 5 minutes of 
examination failed to disclose asexual parasites 
in the thick film, a smear was considered negative. 

In this study, a radical cure was defined as the 
clearance of patent asexual parasitemia by day 7 
with no recrudescence during the weekly follow-up 

FIGURE 1. Map of Southeast Thailand sbowing 
the study site, Trad Province. 

examina~ons to day 28. Failure was the lack of 
clearance of patent parasitemia by day 7 or 
recrudescence of patent infection during any of 
the weekly follow-up e..'\aminations after initial 
clearance. 

EESULTS 

Eighty-eight patients were selected for inclusion 
in the study. Adequate history from 75 of the 
patients indicated tbat 73% took some anti­
malarials prior to their bospital admission. The 
medication most frequently utilized was chloro­
quine, although occasionally intramuscular quinine 
had been administered 

illore than 90% of the subjects had been ill for 
an average duration of 6 days prior to hospital 
admission. Fewer than 10% stated that they bad 
come to the hospital on the 1st day of illness or 
that they bad been ill for greater than 1 month. 
Approximately 60% of the patients had a history 
of one or more previous malaria infections. 

The pre-treatment observations of the two 
groups are summarized in Table 1. As indicated1 

the two groups were quite similar with respect 
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TABLE 1 

Pre-treatment obscrvatia1lS of study subjects 

Tre.'ltment 

SF-T 
S-P 

No cases 

45 
43 

Age in years 
Range (aHrage) 

15-50 (261) 
IS-51 (25.5) 

to age, weight an~ initial parasite density. The 
results of the immediate response to treatment 
are summarized in Table 2. As noted, clearances 
of fever- and asexual parasitemias were very 
similar. There was one case from each treatment 
group in which patent parasitemia was not cleared 
wifu11. 7 days. 

Follow-up examinations for 1 month were 
acco:TIplished in 65 of the 88 cases and the results 
are summarized in Table 3. Although the S-P 
regi:nen prodll(::ed a higher cure rate than that of 
SF-T7 lie difference was not significant (Fisher's 
exact teSt. P = 0.4) In the 6 cases of treatment 
failu!."e with delayed recrudescence, patent para­
site!i:ia ","as cleared initially ,,:ithin 2 to 4 days 
in me IT-T treated individuals, and within 6 to 
7 chys in the two patients given S-P. 

T-'c;"ecr iluorescent antibody tests were per­
forn::.ed on sera from all individuals at the begin­
njn~ of the ,<udy. Fif<y-six (64%) of 88 subjects 
eY..bThiied positive reactions in the IF A test, 
eroplo:,.'ing P. falciparum antigen. Among the 65 
pacien!S with 28 days fonow-up, the treatment 
responses -did not differ with the presence or 
ab,ence of malaria antibody (Table 4). 

The leukocyte count and hematocrit values of 
all s:.tbjects were within the usual range found in 
patients v .. ·ith malaria. G-6-PD deficiency was 
found in 11 (12.5$'0) of the 88 subjects. Com­
parison of the post-treatment hematocrit values 
of these 11 individuals with the other subjects 
disclosed no detectable difference. 

TABLE 2 

Immediate response to treatment 

Clearance of Average 
parasitemia Avcrage no. days 
(by clay 7) no. d:l}s to deal." 

No. ta clear feve~ 
Treatment* cases No. (%) parasitemia (100" F) 

SF-T 45 44 (978) 2.2 2.4 
S-p 43 42 (977) 2.6 2.6 

... Smgle dose adnunistration o[ SF·T· (sulfa1cne, 1 g-tn· 

Weight m kg 
Range (average) 

25-90 (509) 
31-63 (48.6) 

Ase"\':u~l parasite count/mm"l 
Range (geomelric mean) 

59-120,054 (6,473) 
271-125,400 (7,010) 

The effect of treatment on gametocytemia in 
63 of the cases observed for 28 days is depicted 
in Table 5. Gametocytes appeared in both treat­
ment groups approximately 6 days after treat­
ment. In most of the cases, gametocyte densities 
were less than I,OOO/mm3• A maximal density of 
18,778/mm3 was observed in Doe exceptional case, 
7 days after treatment with S-P. 

Subjects in both groups tolerated the medica­
tions well, and no adverse side reactions were 
observed. 

DISCUSSION 

Interest in the use of sulfonamides as anti­
malarials has been renewed recently. It derives 
from the finding that the potentiation of sulfona­
mides by the addition of a dihydrofolate reductase 
inhibitor results in effective treatment of fal­
ciparum malaria1

s including chloroquine resistant 
strains,!) at dosages which are both safe and easy 
to administer. 

Of the two combinations evaluated in this 
study, sulphormethoxine-pyrimethamine has been 
used more extensively and for a longer period of 
time than the su\falene-trimethoprim regimen 
Using a single dose of sulphormethoxine (1 g) 
and pyrimethamine (50 rng), Chin et ala reported 
cures in all six volunteers infected with a. multi­
resistant strain of P. jaicipaTllm which originated 
from Thailand. In 1967, Harinasuta et al.,' using 
the same dosage, reported radical cures in 17 
of 19 Thai patients .infected with chloroquine­
resistant falciparum rnalada. Prior to the current 
study, the use of sulfalene-trimethoprim against 

TABLE 3 

Treatment results il~ patients followed for 1 month 

~o. 
Treatment cases"" 

SF-T 
S-P 

31 ' 

34 

No. cured (%) 

26 (83.9) 

31 (91.2) 

nay 01 
recrudescence 

14,28,21) 28 

28,28 

rnethopnm. 0.5 g); S-P. (suJphormetho~lne, 1 g-p)Timetlm. ... Also includes tIle 2 immcdiate treatment failures noted in 
mine, O.OS g). Table 2. 
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TABLE 4 

Results of indirect jl1l0reSCfm,t antiiJoa.y (IF.!l) tests 
on pre-tleatmeut sera agaillst Ja~'iParw(~ malaria 
ht subjects with treatment success or Jailz~ye 

Treatment success'!" 
Treatment failure 

i\lalaria antibody result:;. 

No. 
No. ~sibve 

e:oramined (_1 :20) % positive 

57 
8 

38 
4 

66.7 
500 

.. At least 28 days of follow-up C"I:aminatioll. 

a Thai strain of faiciparum malaria had been 
limited to the succe5Sful treatment by Clyde of a 
single volunteer infected with the fi1an slrain.1O 

Tbe results of our investigation sbowed that 
there were no significant differences between the 
responses of the falciparum strains to the two 
combinations~ It is conceivable that previous 
e1."Perience with malaria and prior antimalarial 
treai:r..e:J.t may have contributed to the favorable 
cure r.2.:es. but this was not supported by the 
data. The :Iimmune" status of the subjects as 
cere..r:illned by historical e\'idence of previous 
malaria n..fections and by the IF A method was 
similar (60% vs. 63.6%). The difference in the 
IF A posirrvity in those who were cured and in 
the cases judged as treatment failures (66.6% vs. 
500/(1) ~ not statistically significant The data. 
therefore suggest tbat mere presence of malaria 
fluoIe;;cent antibody and/or history of previous 
cxperit:TIce \\-ith malaria had no demonstrable 
effect in the final determination of treatment 
success or failure. Likewise, there was no positive 
correlation between prior antimalarial intake and 
final om:come since aU eigbt treatment failure 
cases admitted to antimalarial intake prior to 
hospital admission. 

Since patients returned to malarious areas after 
only 7 days or less of hospitalization, the question 
of "hether some of the delayed failures may 
actually represent reinfectiolls is open to specula­
tioll. To further compound the difficulties of 
accurate assessment of results, it should be 
recognized that the use of tbe 30·day post-treat­
ment observation period is too short. Chin et a1.9 

reported that in half of the delayed treatment 
failures in volunteers infected with falciparum 
malaria and given sulfonamides alone or with 
pyrimethamine, recrudescence of patent infection 
occurred between days 41 and 60. 

Tbe question of potential for development of 
resistance to this cOlnbination following wide­
scale us.e, in light of present knowledge and 
experience, remains a perplexing one. Richards,ll. 
in his attempt to induce resistance of P. berg"e; 
to sulfonamides and pyrimidine cornbinations~ 

concluded that the pyrimethamine-sulpbormetho­
Aine combination did not produce resistance as 
rapidly or to the ·same degree in comparison to 
each drug given alone or to a less active combina­
tion of trimethoprim-sulfalene. 

Conversely, Verdrager et a1." reported t11dt 
probable cross resistance to sulph(}rmethoxine­
pyrimethamine was observed in falciparurri infec­
tions when the combination was given subsequent 
to treatment failure witb Dapsone. Chin et a1." 
confirmed this latter finding when tbey reported 
that following exposure to a single, non-curative 
dose of a mixture of cydoguanil pamQate and 
4,4'-diacetyl-aminodiphenyJ sulfone, only lout of 
5 chloroquine resistant falciparum infections was 
cured with sulphormethoxine-pyrimethamine com­
pared to a 100% CUTe rate in 6 -cases infected 
with the ·same strains prior to exposure of the 
parasite to the cycloguanil pamoate-sul£one mix­
ture. 

TABLE 5 

Treatment 

SF-T 

s-p 

The effect of SF-T and S-P ttcatm,6lll on gameloGytemia in cases follOwed jor 1 mouth 

Total cases 

30 

33 

G.ametocytes present 
on initial smear 

No. (%) 

3 (10.0) 

1 (3.0) 

-Gametocytes not 
observed eluring 

28 days 

Ko. (%) 

7 (233) 

4 (12.1) 

Gametocytes develop­
ing after treatment 

Ko. (%) 

20 (666) 
range = 1-14 days 
average = 5.9 days 

28 (844) 
range = 1-23 days 
a\'crage - 6 2 days 
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The ultimate answer~ to this vital question of 
development Of resistance can only come with 
time and experience. Since October 1971, the 
National Malaria Eradication Project of Thailand 
has adopted the use of sulphormethoxine·pyri­
methamine as the standard treatment for falcip­
arum malaria. Careful monitoring of the cure 
rates every 6 months in areas where baseline data 
on cure rate are known will undoubtedly provide 
the most reliable early indication of emergence 
of resistan t strains. 

In areas of the world where chloroquine­
resistant falciparum malaria is a significant plOb­
lem, long-acting sulfonamide combinations have 
a defbite place as an alternative treatment against 
tbese strains. From the experience in Thailand, 
it is our view that the rational field use of such 
combinations should be guided by the following 
considerations: 

1. The recurrence of patent infedion Vi-ith 
ase:n.:2 forms of falciparum malaria within 1 
mcnm following treatment with a presumptive 
do,,, vi chloroquine (10 rng/kg base) is sufficient 
indication. in the context of an operational IDa~ 
lam eradication program, of chloroquine failure, 
sugsesting the institution of long-acting sulfona­
rrJde co:;:ri:'inations as the next treatment. 

2.. l:ntil more information is available regard­
ing- C!e possible sporontocidal property of long­
actm: sulfonamide combinations, the use of 
primaquine as a gametocytocide should not be 
cfuca:ded. 

5~ :?rior to contemplated operational use, an 
evaluation should be undertaken to determine 
susceptibility of local strains to the long-acting 
sulfonarrJde combinations. 

4. FoUoVving failures to cure with such com­
binations, tre..1.tment with quinine with. or without 
other antimalarial agents should be instituted 

In view of the lack of demonstrated differences 
in antimalarial property between the two com­
binations evaluated, selection of one of the two 
for intended operational use by a malaria program 
must then be based on other factors, the most 
important being the relative cost. 

It is apparent that sulfonamide combinations, 
because of their known limitations, are not the 
final solution to the problem of drug-resistant 
falciparum malaria. Until a' better treatment is 
developed, suel! combinations can, if used judi­
ciously, fill e.'<igent needs 
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